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Thin invention relatcB to a method and apparatus to.r 
heating a* elongated space or » location cotUaininq an alcngatod 
hutttor. Hare particularly, the invention relatee to a.q «U<!T.xla*J 
reaier^ncft heat«r foe heating An tiLon<i*D&<l subterranean jsexohoL* 
At rata* which ore different at different depths of the bomfcoU, 

■U U known to to bohofioial to oLongaUd hsaters 
auch as wen heaters, for heating intervals oC subterranean earth 
f o.uimtl.on:j, pipo interiors, or other elongated spaces, la various 
ffituationa, it is desirable to heat sutih %pacea at. relatively high 
10 tenipecatuTfta :or relatively' ion* tlneu. Beneficial rcoults 
obtained by auch heating may include pyroliilgg oil sUMe 
forqiatlone, coking oil to consolidate unconsolidated reservoir 
tarnations, coking oil to form electrically conductive carbonized 
*onas capable of oper&t.l^ ae electrode* within ft reservoir 
^ordiation, thermally displacing hydrocarbons derived fro» oils or 
tare- U\x.o production lotions, preventing formation cl hydra ton, 
pr^.ij.pitat«5, or the like in fluids which are being produced from 
wells and/or t raw* J. t ted through pipee, or tb* lUe, 

The invention aiw.a to provide a heating apparatus vhicb 
ifi capable of generating beat at different rates fit different 
depr.Up in a we-li. 

In accordance with the invention there is provided \n 4 
procesa in which subterranean earth formations within an inturvnl 
rcoro thnn 100 feet long are. heated to a tenperature of wore than 
60o°<:. ; ao that heat in inj«ct€<) frubstantial.iy uniformly i/ito that 
Interval, an improvement for constructing and installing a heater 
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having an electrical cable heating section which ia free of 
ap.Uces, ooiiprising; centffcrutftiiitf *uicl hooting cahlo /section toy 
compressive Ly awagin<i at Least one portion of a }un.otion-tre* 
electrical beating cafclft to reduce ita ssitci at said at lu&st ene 
portion, said cable ia at least, ap long aa the ftart.b formation 
interval to be heated and comprise an axially aliened, irtallttahie, 
electrically conductive core currcunded hy granular mineral 
insulation within a metal ahoath, ao that svaged portion gonerate^ 
heat at a rate hiqrher than the unavaged portion; correlating the 
location ot said .waging with the pat turn of heat conductivity in 
the earth formation interval bo that at le.ABt one ooropresaively 
waged portion of the- cnhla t* located alotiy the cahie in a 
position auch that, when the cahie ia exteuded along the earth 
coriTiaticn interval to be heated, the compressive! y swugod sortioa 
is adjacent to a portion of the earth formation interval in which 
the heat nond activity is relatively hi 9 h P connecting said 
Selectively swaged heating cable aection to at least one power 
supply cable and spooling the interconnected cable*; and 
un Spooling the interconnected cables into a welJhore along with a 
vedght-aupportiiKj metal conduit while periodica] ly attaching the 
caMea to the conduit and extending the cables and conduit to a 
depth at which the conpres uively swaged portions of the cable are 
positioned adjacent to tUo earth formation* having a relativaly 
higi* thermal conductivity. 

The invention will now he explained in more detail watn 
reference to the accompanying drawings, in vrhichi 
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Tirnira J is a ttiL-oe-dimejisicm.-U illustration df fen 
«ie«tei«iiy c4B4uaeu* q«h»« c^uintusr n«««4 and imaged 
portions suitable for uae in the pi-eoant invanticn. 

ftgacft 2 lobtattiotUy lUuntraces «*• tacttUisg of an 

olcsctri^l x a8ls t anCB baatar W ithi tJ the ir , aocord.aw vltfa 

the present Invention. 



2a 
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Figirre 3 shews a splice )xrtwee» a matal^haatfisxi itMiuJ.a^cl 
povor supply cable and a TOtal-shcatbed insulated cable fcUltab.le as 
a beating eXeroent of the present iiwentiou. 

Fiqures 4 and & illustrate splicos far elBstrioEiliy inter- 
5 connoting the caxkictave cores of a ^air of nvstaL-shaarthed minaral- 
inflated heating cables suitable ti& boing oabJ.es .ui the present 
invention. 

figure 6 Hhn» an alcctrjjeal power supply circuit. 3uitab7* fear 
use in tine present invention, 
ifl The preeent invention Is at lrf>ash in part premised co a 

discovery that the propenrtios of* an electrical conductor (such as a 
iretal-shoathed rolid iratHrial-- insulated electrically cecductive 
cable containing a single copper coro) are sush that results of an 
application of oacrpres3iv*5 swsgii>g to tb& aitsidc of the nietai 

15 btiaath are tr anamittod thrcucib the insulation to tho oare of I'.te 
cable w a manner such that Oftcft of these corporjesits or* 
substantially smjltaiiecasly roduced in crns^aectiunai area by the 
S5Ci» relative amounts* The redact ions in the cable core croas- 
sectional area can be controlled to cause the swaged portion of the 

20 cable to generate a significantly higher errojnt of heat per unit 

tine than that which would have be on gor.orate4 without the swaging, 
avion at a substantially ic*w temperature. 

In a proforred Qflbodtoient o± tbs invention, such a swaging is 
da>a by a prooass oE rotary swaging, amounting to ocuprcssirg the 

25 coblo with many blows applied by rotating dies. Rotating swaging 
devinaa and technique *ro knewn and ccnwrcdally available- Buch 
Trachinaa coairanly contain two die? which recipcrncate rapidly as a 
spindle in nihicta th^y dru rnwintad is rotated, f\ ccenpresaive rotary 
swaging cperatica involves a hansnering action which haa fchn nana 

30 bsiftflf idal material on metal a« forging, it produces a desirab.le 
grain structure resulting in an incrsMed teneilo strca^th and 
elasticity. Tha colli (ia toperaturel swaging tendB to work harden 
n»flt metallic materials, if de&irea, such a hardening ( «n icade 
mere flexible by annealing. 
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in a rotary swagirg operation, the extent, to vrtrich the swaged 
material ja reduced In crce^se^ticnai area oan be controlled very 
accurately. Por ecsawplo, slxvy> a cnetal-ahaatbedl solid material- 
insulated a^fpar -cored ol<xtricaHy^candurtivc cable behaves Ds a 
5 solid ifateriai during a rotary waging operation, auch a cejb.lje 
having a dlsmater of from stout 0.68 to 1 .25 an can ba awiged to a 
reduced dilator vith ail accuriioy oi abcut pl.UB or ininua 0.0025 cm. 

figure 1 illustrates swaged and unswauged portions of a* cable 
preferred for ua » in the present invention, in tlie cable show, a 
10 Btainloss steel aheath 2 surrounds a jninerai insulation 3 

consisting of highly oomprassed grains of iragneaiuni oxide and a 
Holid cmiuxitive core 4 of substantially pore ccpp&r is 
conaentriaiLLy surrounded by the insulation and aheath. In a cable 
of the type a town, where the. inner and cut£>r djaro terra of the 
15 RJieath Z 7,23 and 9 mi and thu diairotar of tte oos* 4 ia 3 nffi, 
in the ujiavraged portion,, the r«b,iA may ^isrcitB a te^erature at 
about 600 °C when aanduetiaj L80 cmpemes of alternate current. 
However, u> a awaged portion of tlie cable having a diameter reduced 
by 113%, a benperaMire of about 85o *c is generated when tho cable 
20 is conduct irg the saroa current in tho same environment. 

In a ororerred eahodurent, the preset Invention can be 
utilised for providing a tanatim-tailcraa irethed and apparatus 
for uniformly heating long intervals of subterranean earth 
formaticna at high tacpoorature. According to this Jtsthcd 
25 siitoterraneari intervals are- htatod with an electric he&tor 

containing at .lea at one spoolable steel-sha&.thei mineral- Insulated 
«ibla having a aoUd central core of high electrical conductivity, 
such a ooblo can he arranges to heat tho earth fico*cicnB ao tn*t 
haat its tranarltted into the fonnations at a substantially uniform 
39 rate, even when the hosting involves more than about. 330 watts per 
tnafana at tanpiratures between about 600 «uxJ looo «c. Tfce unifiormty 
of the hesit tranaMb'Sion ia ensured by providing the heater wj.th a 
pattern of electrical resistances with depth vitbin tlve well 
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c**rvel3ted with the pattern of heat uauiLictiv.tty vrich depth within 
the aiwrounding earth footttians. 

Figure 2 shows a preferred eubrxUTrent of a wall healer of the 
present -hwenticn being installed within a wall. As aitwwn, a pair 
5 of selectively swcujad haatcr cables with swaged and unsv/s^ed. 
portions o* the type ts>»cwo l.n Figure 1 are being onsocoled *.noo a 
wall from spooling means 5 and 6 while a support membsr 7, &ucb as 
a wire lino or spoolable metal conduit/ is oonairrently unspoolod 
into the well from a spooling means (not &cwn) . T*ne lower end of 
ID the support jre^s 7 is att-achsi to a net or iraejis 9, sarh as a 

sinker bar for a vertical well or a canprible or other icocor mBana 
for a substantially horizontal i»U, The lower ends oJE the heating 
cable, fivagerS portions lb, are mechanically attached to a sable 
junction or end^onroictar 9 in vhtch the cenrtuctive. ooreB ait) 
15 electrically Interconnected (as shewn in more detail in i'igure 4>. 
The juration 9 is a\ao me^anically connected to the seaport irater 
7, for exrutfpk) by a strapping means 12. The icwar ends of the cable 
particoa, which are swaged for increased heatirjg, are olectriee Uy 
interconnected in the end connector <> and positioned to extend 
?f) through the zone emitted tor reooiving the increased testing. 

the uuawaged port ions la of the beating cables, designed fbr 
niiniinal heating along tha sono to be heated , are positioned to 
extend above the evaged portions lb for a distance sufficient to 
reach a zone which .ta cool enaogn for em ihtej*»oijec't-ion of tlie 
2-S heating cable portions la with power supply cables iO by n*wns of 
joint* or eplioes U for electrically and nactooiiically inter- 
connecting the powar supplying ar4 beating cables, lb© power supply 
cables 10 ore arranged for CRrcyii*g a selected amount of current 
while generating Only a ialnirr»]. ajaount of beat, The details of 
?0 suitable mechanical arid electrical cable connecting joints for ues 
with matal-sheached mineral-insuLnted power supply ivq cables are 
illustrated In Figure 3, 

A3 the boating and power supply uablas 1 and 10 are run into 
tha wail , along with tJia weight-supporting strand ? , the cables axe 
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periodically attached to the str.md 7 by neana of clones or 
stepping oceans ].2- Such ciarfpe *iro arranged for creortiixj a 
friction between the cables and atr&nd which is siaffieient to 
-yppjrt the weight of tlve lengths Oct tha cable? which are lua&tcd 
5 botweeu the clairps. 

Figure 3 illustrates details of preferred arrangwentn of 
splices 11. A3 shewn, the: power supply cahla 10 haft a metal sheath 
14, audi as a ceppar sheath, surround! uo; an insula tad electrically 
ccoouctivB ottrc 13 tavi-ng a ootibiflatlcm of orcsB^seztianal Area and 

10 electrical rcsistar.ee per unit oi' length adapting it to carry tha 
current bo be used -in the beating cporat.ion while generating only 
*ri insignificant amount of beat* A» shewn, the power cable sheath 
14 aa well as a pewer cable core .13 are larger Chan tba aheath 2 
and core 4. of the unsveigod porticn of heating cable La. The 

15 conductive cores of the cable are electrically interconnected, 
preferably by wading* tn general, the power cable can o^rprise 
substantially any typa of electrically conductive cable which is 
adequately heat stable at the tarpsrature generated by tha minima 
heating portion of a beating cabLa such aa la, where rhe Toaximara 

20 selected tasting tenperAture is sut ficiently lew and/or tlie 
distance bat-veen tha pewer supply and zene to bs treated to 
adequately short, tha pow*r supply cable can ccnpri&a a irotai- 
sJ tea tiied TrtLneral-inbalatcid ^soli^-corod cable which is selectively 
meged to provice tho elected heafruig; tenperatjure ay that no 

25 splices such eplicea 11 aro needed. 

Ac shown in Figure 3, a relatively short sOseve 15, aa-Jh as *a 
steal s.Leve, .is fatted around and welded or brewed, or otherwise 
jra^hanically attached/ to the aheath 14 of the power cahle 10. Tbo 
siesta 15 is preferably selected to haw* zm inner di.aircter forming 

30 an aniiular sedeo between it ana aheath 2 large* uncugh to 

Aooamcdate a shatter steel sleeve 16 fitted around the sheath of 
f;};e cable la. In a pralurrcd asseiifc-Ung procedure, before iawtir-g 
the short .sleeve 16, substantially all of the annular epaca between 
the cable core uenfeern 4 and 13 arjd sleeve 1.5 ia filled vita a 
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powdered mineral insulatinc} material such as magnesium. c*dde. The 
insulating material i& preferably deposits J v/ithiri both hhe annular 
space between the* cable cones and the sleeve 15 &S weU as the 
&paoe between the bIkbvo 15 and the ^teath 2 c/i the cable la, and 
ft vibrated to <x«rpact the mass of particles, Sleav© 16 can tiien fce 
driven Into the space bertheon the si ewe 15 and sheath 2 so that, 
tha trass of mineral insulating particles in cwnpacted by the 
driving force, Sleeves L5 and Ifi and sheath 2 are then veidact or 
.bra^el bogetl&r. 

10 Ficmre 4 illustrates details of on end oottflOOtor or splice 9. 

As shown, cables ib ana oxtor/led through hnlea in a steel bind? 9 
so ttaL short aectiens lc extend into a cylindrical opening in the 
central port ton of tl>a block. Die electrically conductive oore-s of 
tha cables axe folded together at veld 17 and the cab le shoaths are 

1? voided to block 9 at we Ida IB- Prufcr^bly, the central conductors 
of tha cables arc eumevtrded by a heot stable electrical insulation 
such as q nitisjs o£ compacted pewder^d mineral particles a7vl/ar hy 
disc? of ceramic materials (not shewn) , after which tha c&ntral 
opening Is sealed, for example, by weldir^g-cn piecea of a teal (not 

20 shown) ■ Where the heater is supported, as shown in Pi.gurs Z, by 
attaching it to an elongated cyliocirical structural member 7, a 
groovo 19 is preferably f onnad along an exterior porticn of end 
epXxoo 9 to mate with the structural m^ufcor and facilitate the 
attaching of the end piece bo that member, for axattrp}.e, by a 

^ strapping ntewis 12- 

Figure 5 shows a preferred type of end connector which 
eliminates the need for cutting and raiding a heater ctiblj© to form 
a pair of heater cables, such as oablea 16* Uta beater cable is 
singly bent into a U-turn and [ftechanlxJaUy cXampad to block 20 by a 

30 !colbed-ou clamping plartti 21, The block 20 is preferably provided 
with groove 27. to facilitate tha c.lanping of it to a cylindrical 
structural msnfcer such aa the cylindrical werabor 7 show in 
Viqura 2. 
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in general, rte power supplying elements can ccmpri^ 
auhBtantially ^ or 1)2 sy&ttf!) c&pebla of caua.ing a bautor of 
tha present tyfe ro heat at tha sole? ted relatively high rato. such 
a beating rata can be about 330 wrtts par r^tre or jjorft, 
5 Figure 6 i& a diagram of a preferred irrangeoesub at 

alternating currant olectrtoal p^war aupplying Gleasnt* suitable. 
fCirr the present typo of heater, This arraiuneirarit incltttes two 
inverse, parallel, Bi2ioon-oantro.Ue<3 rectifier* tSCte) in the 
circuits of. both elements of a two-fclemeit h«ater, in such a 
10 >^I^od system tha heater legs should 3be of; equal resistance 90 
that tha osnbla core junction, paint A, (wiUxin end connector 9) osn 
remain at 20ro voLfea^je or virtual ground potential, lfce sheaths of 
the heater cablos are connected to tha grounded centre rap of the 
transfioaensr arenndary. Since point A represents tha welded 
15 conwsetion within the end pi&co 9, the potential difference bctueen 
the connection and the housing will ixi zero Cor ail practical 
purposes. Ttess poirifcg muld be in electrical contact vithout .any 
conduct ion of current. At points advancing upward along the lege of 
the heater, the potential difference between tho sheaths and the 
20 central conductor can increase and finally reach tnaximum? such as 
plus or mimjfi. 240 V. 

Xn various situation* in which an elongated spaoe i a to be 
heated, tlse in aitti thermal conduction v&y vary aigni.fieorjtly 
wittan various layers or locations aLcng that aj^ace. a mora boat 
5 oondix^ive layer will carry off tha boat yenerafced by a heater 
.Easter than a less conductive layer. Aa a result, trie temperature 
itraintained by an electrical waaistanca heater carrying a qiven 
arocunt of current will be 3jcwer opposite u mors conduce ive layer > 
In aituations in which it is desired tn maitjtain a fJAt or uniform 
3 heating rate, aiojig the Space being heated, it ia desirablo to 
raiuce the heater oora cross-sac fcictal aroa in order to generate 
h*at at the aane rate as that in other portions of the heater whJch 
are hotter. 
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An doctrical rfisistanco heater can be cauewtf bo 93>crate 
selected hearting rates at different Looatinna along the. heater fry 
installing ha&ter aectiona acntainltXj' conductors af varying czosps- 
aeutians, 'tine BiuaLljcr care or caviuctor cross-secticnB exhibit nara 
5 resistance to thu electrical current flew aiid thua generate teat ct 
a rate higher than wcutd be garner a ted by a -biicisor core at the sorre 
ter^cirature. *^r exairpld r it can teat at a selected rats at lower 
taiti^rature existing along a relatively mare hetit crwductSve layer 
or sonc vlthip ths space iwir/j heated, 

tO Vno present invention provide a method of causing a heater 

having 6i\ electrically conductive core tfuch ia ortfttinuous arid 
unitary to generate constant and/or selected aacimta of beat alcsv? 
one oi; a multiplicity of different portions of the heater without 
requiring a aoLtitude of heating cable, splices. Particularly where 

15 tho heating is tn ba conducted at relatively hi<jh ten^eratvrreH for 
long times, welding problems and opportmitieB far leakage are 
inherent in any cutting and splicing of electrical he^tingr cables. 

In respect to bs\ electrical resistance heater cofrpcrising a 
pair of electrically intercom acted jnatal -sheathed solid mtcrial- 

20 insulated c:obl<j& each containing a malleable atttal eleetrically- 
ooudyctiva ocre, foiar sets of rotary switching dies can be arranged 
far pxwidlng ^xiroentageg of Siarretrlcal reductions of 6 ; 12/ IB 
and 24 in thfc initial overall diameter of oaoh cable and its 
cantfusfcive doxg. By reducing ore portico of the cable diameter by 
6% -and another by 12*, the overall reduction is 9*. Py such 
procedures, the overall croiia-kcticoal reductions for both Legs c-f 
the heater can be provided in oight steps of roughly lot each. (?or 
GKflitple, sec ttw fallowing tobia: 
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In such a pnraoedure r if the ^ixr^e -describ^i praforrod power 
supply is to be used, it i& necessary that each leg of tfua heater 
after reductions iu 1L3 core diacnetar have overall resistance 
availing that of the other; leg after reductions in .its core 
5 diarater. Tftis 13 necessary to ensure tha zero voltage potential of 
^he inter con noctod cavSuctoora in the end piece. TVrua, it is 
necessary to divide the overall extents of electrical core 
reductions evenly ovq£ both IsngtHg of the heater. 

Substantially any ocenprosidve svagit*? procedure which is or Is 
10 Huh&tanttaliy equivalent to rotary swaging can ssiufcabiy be ased in 
practising the present invention, S^aat^les of swaging irHchioas 
andVor techniques which can cuitably 1m used ace AncluRiTrs of dio 
c In sing awaging machines, such as those ff^iuifacfxired by The 
It>rrir^ton Cu:npony f or Abbey Aetna Machine Cbirpany <sr Fertn 
t5 Wrnifacturirg, etc. 

Bcwer aus^ly cablets capable of transmitting the amount of 
current selects to be used whlie* generating' only a relatively 
Insignificant amount of haat and havlay sufficient thermal 
stability for electrical and iwx3ii*nical afcijachmmt to thu motal 
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ladled cable seized for generating * tfiininuifl anew* of heat can 
suitably be used ia this invention, acaapie-s of sQ:h cables inclutb 
tboce ava.i.l^h3je as BICCyPyrotenac (41 cables. 

Ia genera*, in a situation in which an electrical ooridurtor 
5 r^ead not to insulated, the preasnt Invention can ha practised wtth 
substantially any alftstricial ccocbctor vAai<rh ie continuous and 
unitary (i.e. is a ccnfciniioua body froo of interconnected ' B€sgjreilt3 
or stranda) and has a core or conductor thickness a croas- 

secfcicoal ansa of the electrically cociductivo iratertsdj which ia 

10 different in different locations along the length of the electrical 
conductor , Preferred eloctrioaJ con due tors citrcprise s:iv:/.l^ 
conductive cores of malleable metals or alloya rounded by a haat 
stable eolid insulated material vitliin a heat atable watM slieath 
such ae refractory pewcer or solid fibre insulating materials 

\5 wafcbiu copper or stool sheaths* A copper core surrounded by 

powdered inagnsaium oxide within a copper sheath for use at raderata 
temperatyjrea, or a stainless steel gbeath for use at nigh 
temperaturea, is pai-ticulairly preferred, 

In general , the present invention can te utilised to initiate 

20 ana maintain a substantially uniform rate ot lieatirxf along n space 
containing at least one portion having a relatively lew rata of 
Iieat conductivity and/or to estatalieh and maintain a relatively 
high rata of boating along BeLected purtioas along a spaoa 
■ thrcoghoat <Aich the rate of heat conductivity is nearly uniform. 

?,5 lfte variations in haart conductivity with distance along an 

elongated path can be determined by mean* af numerous known wid 
available dft7ioaa and tecfiinicjuas . 

in a particularly prafurxfcd procedure far utilizing the 
present invention for heating along a path along Which the haat 

30 conductivity is nonuniform, a belection is made of the rate of 
heating to bo provided when an electrical conductor having the 
ccsnpceitLcai to b& used is conducting the aticunt of current to ba 
used within ci hontogonocus medium liatvirx? the* lowest heat 
conductivity to be encountered a Seng the path to be heated. The 
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maxiiTBoai thickness for the elsntriofti ocod actor to bs usod is then 
ths ttiickneaa which provides that fata of haaciug in that 
situation, 'the thick/LGi'S Of porticos of the conductor to b« 
positioned slang portions o£ tte path which have lucjter heat 
f> conductivities are then it£i<jte fchinnsr to aa extant substantially 
oaipensating fr r Cba roars rapid conAxicting^aw^iy of the he*t by 
those higher haat oandwrtivitltas. 

Alternatively, where it xa dstsirsMe to generate heat at 
relatively rapid rates along portions of a peth to be tented (for 

10 example, along tcp and hot tan portions of a mjbterrane&n oarth 
farraat-im) such on arrangement can ba i^ada, a.Vthaiigh ths boat 
CCtriuctivity iray be. substantially uniform all aloug the path to ]je • 
heatech 'Che conductor thickness airi resistance to be uesd Along 
most of tJie cable conductor aire select to provide the seated 

15 rate of haatin^ along a hc?nogeheous iraterial having the toat 

conductivity oaiwon to inoat of tho interval to be heibad. Then, nba 
rfore rapid hsativjg rate along aeJjswtei portions of the path can be 
obtained by thinning the portion* of tha conductor to be ext&nfiad 
along those portionfe oil the path. 
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PKOPERTY OR PRIVILEGE IS CLAIMED AM DSPIHBB AS FOLLOWS, 



In a procaas in which aubterranean earth forxnur JLoub 
within an interval more t!»a« 10(1 tert Long are hodtod. to A 
teap-rature ct >o» that, 600°C. , ao that h«.t is injected 
•«Dit»titUy uiUfonly into that iutetval, in lavement far 
constructing and installing a healer having an electrical cable 
heating a ecr,.t on which a, free of BP lic* 6 . comvri*!,,, , constructing 

liaatJ.ne; caUla section by compresatveiy swagin* at. leiat one 
portion o£ a ju»ction-tre e »l««tcl«»a be«tUv «bbl« to r 6 <h>ca it9 
Size at >41 id at least one portion, said cable is at least ae long 
aa the sarth formation Interval co b* h MM <l »nd fcomprlsss ah 
axiaUy <iU?n«d, m*UeaM«, olactrically conductive core 
snrroundad by granular «U M «1 tneulation within a netal sheath, 
bo that &wage<l portion wartta* heat at a rate higher than the 
unpaged portion; correlating th* location of said (waging with 
the pat^m of heat conductivity in the aarth formation interval 
BO that at Uaat ens compresaivoly swaged portion of the cable is 
located along the cable in a poaitioft BUCh that, Vfatii tho cable lB 
**ten.deJ along ctt* earth formation internal to he heated, the 
corrosively ,«.«•«! portion 1. adjacent to a portion of tUe earth 
fostnaUon interval in which «h« heat conductivity la relatively 
hlflrh, connecting said selectively SW a.g*rt faaatlng oabU section to 
at Xaaat ere power supply cahie and spoolin, the interconnected 
cables, acid spooling the interconnected <;abl«« into a veUbOM 
along »ith a welgrht-aupporting metal coaduit vhil<j periodically 
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ai:t*eMo« the c *Mei» to tU, crondgit. *ud ^tending the csb.lee atld 
conduit to « dopth at *hi<* the co,n^»«vely portions g C 

the cll bL «• portion-* no tU* earth M*»a on i UavUg 

rolativoly hi$b. thtirtnat cancluctivi ty. 
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ABSTRACT 

impnusG rats variant 

EWKGAUD ELlXTTPTCAIi RESISTANCE HEKIER 

An electrical roal.Rtsuxe heater capable of gisnaraeing teat at 
different rdrtes at different locations a.lcng ita length carprises a 
ccntinucos arid unitary eXectuical conductor harvir^j a thickness 
vtfiich is different at different lextttiens along its length. 
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